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TM BmnfordPudon Hatiriala Imiaticm Tmst
( PHIT) 35-Hav liaao la intaid~ to ~ nautrons
for materials atlldiea. Its owrntim will M
virtually oontinuoua for ●t leant 20 mwao 9ti
opmatia implies that the awlerator dealgn ut
b oonaervativo to weld exoemmive domntim amd
tnat the WO0610ratOF be noonomioal or power. The
Loitlal dmmign of the linao drift-w motion ma
wooded by more than 800 sumtnss emut- mm=
SUPERFLW MNoua the meleot Ion of ● georntry for
thn PMIT mamlw that han vary nurly th nximm

4Valun of z oonnlntent uitb Kilptriok”m
oritwion. This maximm value inmww that powr
omta will be m low ma pomslble uhLLa hoping We
-Mm aurhoe fields ●t ● lmnl oonxervativa
enough M prevent sparking. ma Optimintlal
prooedure la examined to ahou mu tbn bnst ~try
h ●ohieved. The drift-tube mvotion will operate
mt 80 wz with an averaga 1.4 WI= ~dlent. Am
promently oonooived, it will oonmimt of two tanka,
one 242 oa in diamter and ●bout 18.- long mnd tbe
Other 2k0 mm in dktnr ●nd ●bout lb.-a long. W
numwr of dri.ft-tubes willbe 73 if a stsbla #tamm
or -300laOhosm.

rntrodwt Am
1

ThO FIU? ●oelwator la ● deuteron limo to be
built ● the Hanford Snginmaring Davalo~nt
Laboratory (HF3L). ns d-taron - will be ummd
to Irradiate● lithim tmrgstto preduoaneutroma
for matsrialatesting. Theaooelaratorla ba

?deaigmd at Los Alamm Soientifio MbOrmtOrY (LA2L
by a t- of LASL and ~L peopls.

I
:.

Am oreaently oonoeivd. ttw maohina ulll
oper~te ●t-80 MM &lth an ●vw&@ 1.U.llP/m @adlent
and produom ● oontlnuoua 100-mA deutwon Mu.
Senaume the meelwator la to ba m ●nginearlng
test TM lllty, it will be de8A@md to rw Ow. fligh
reliability Am em““ntial beoauaa ● 20-war
opivational life ia ●p?oifAed.

I
?ho drift-tuba motion will ●tart at 2 HeV mod

@x@nd to 35 WV with two tanka, tha break bOtWeM
the tankm ooourring at about WI HmV.

I ?lmw ●re a numberof speoifioprobl.ma that
●rim with the PHIT limo. fin h-h •vwa~
ourrent mnd tha dwteron b.u raquk ●xtr@-ly lW
beam spill to ●void atruoture ●otivatione Ihim
argwa for tha w of am larg. ● bOPO in tko
drift-tuba as 10 f@a8iblm. Continuou8 long tern
OpP~tlOn in ●n @rm of sharply riein# ●nw’gy oo8t8
makm Optimimtion for ●inimua pourer oonm=ptlon ●

Wowsity. Reaimtiw powr oonauap ion mall W
J●inimim@d by aaxlmising th~ produot Z I uIMIW ? 1-

Me shunt hpdmae pmr n.tar and T La the W8mit

I
t- faoto~.
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Tltt tank power supply mat 0om4!imtof e
integral n-or U of rf pourer ~llfAars ~ or
uimm po-r output Pug The total pouer ta tka
tank OoOoiSta Of tha bOaB POW,
omit y power pa. p ‘ !YZTKTheoavitypwmr AaB=A /
Wlwra AM ix the partiole energy !naw8a0 An
paaaing through the tank. 2eowaa the W ~
18 fixed, this H tion oao

3 $
uMdtOfM

oritLoal valuen 0? Z . ?heae values m M
at uhioh thm power oona-ption of tho amvAtr

iMOFOam@S @’U@l@i tO fOPOO th@ additic 0? _OthOF
powr am?lifler to the myataa mupplying the tsmk.
In the prewnt oa e, the wrtimnt oritloalml-

3for eaoh tank im Z. B 31.b Iiflh. TM~ nd.~ A9
the th.oretioal valw that tbe dasiga ■umt -ah;
it Inoludea Ulouanoea ?Or daratAnga and tba
tram4itLoo fro9 theory to rallty.

me d~mign mat b. oonmwmtlve wwb respmot
to tlv mmximm murfmw ●leo trio fields all-.
Serious aparklng problems would not ba WnDAat.at
with the hLgh duty fMOtOP IW@Md Of thO PIUT
limo. In thim raapent, Kilwtriok*8 or terion
provldea ● oonaervativa valua for

+

\ Ultb
present vaouua technology, thi8 oriter ; ny b.
overoonaewative. For the P?UT linao Kil~&lok
gives a value of ~ m 10.5 Who

The uouml proble9 of ●tufflng too wmb qud
into too little drift tuba la a180 prennt ●t tbo
froot aM .

Theme oonalderat lone diotate the follwlag
goals in the optimisation prooedura for tha
drift-tubn portion of the li2DLMIT lAnmo.

A Z+ produat M high u possible in eaob omll
and ●n avoraga valum not less than 31.4 MOh
( ttmomtioal) ●

~S 1005NVh An mob mall.

A bore sise as large .8 -n MQ, oonniatent
4with ●ofiptable valwa of Z and raqwwd

quadruple *trengt4.

Drift-tube diameter OhOm@n?or high 2+,
auff ioiant quadrupol@ spaoa, ●nd B g ~,

A relatively uniform lnout wwr diatrlbutlon
●long the tinka im of ●onondkry importanoa, but
desifmble.

,,
tion ProO@M9

TM rf omvity oode SUPRR?12+I ~Vid08
v@xo@llont tool to marry out the netimiaation~

WPERHSH man OMlOulMtO tha propartic. J of ●inglo
Oelh of ● propcwd d~oign so different desl~s oul
bs oompared. By ●urveyiw oells at diff’ems%
@IIePgiOS, it 1S pOmibl- to fof9 a plOtuFO OF WC
prop@rtiea of an @ntire drift-tuw linao. TM ood.
●lao ●ooaptm slanted fao~s on drift tubes and swb

g@oDPtries appar to b~ an @XO(Ul@Ot -y to
inowamn the val~ Of the transit tL8m faotor T UM
pomlbly to redume nultipaotorlng~
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. SUPESPISWman alao lWOVtd@ the infowt-
neaeaaary for beam dynamiaa codes Isuob ●s PARMZLL

A8 an initial atop SUPSSFISHwaa uaad to oarry
out an extensive parameter study of the poaaible
geometries at a ilnglo energy, 20 MaV. Par-at-
varied were the tank dl-ter D, the dr~ft-tub.
diameter h. the outsidm Oorner radlue of the
dilrt-tube--;v and the Teae angle of the drift-tuba
a. Varlablea held oonatant were the nose radiua n
and the bore radlua b. The gap length IZ waa ua~
to tune the oavity to 80 MHz. These w-tera we
shown 10 Fi8. 1.

This study showed the extsten- of maxima in

. . Figure 2 ahowa sample plots of 24%0’”%%
the produob ZT2us a funotion of the

for aete of ● and D values with h, r, n andb
rimd.

dm 0xp90tOd, the maxima are hishar with
Increasing Taoe angle. TM produot ZT2 ia also
larger with larger oorner radii amd It Inoreaaea
with deOrOaalMg drift-tube diameter.

Also 8hOifn 111 Fig. 2 is the approximate
position of Kllpatriok”a limit. ?hia Valm la OnlY
approximate beoause the maximum eurfaoe field
variea with the !’aoe angle a and the ‘ank diameter
D. varying the faoe ●ngle appeara to ahlft the
aurfaoe on whloh the maximum OoOurS. For ● = 0°
thO m8XiEIUMfield oooura on the outer corner of the

!

drift-tube. An the angle is inoreased, the
position of th* ~aximum field ahifte down the faOO
to the nose. At the same tiM*, the m~nitude of
the maximum first deareaaea then Inoreaaee ●a the
maximum ahifta from thm oorner to the nose. me
minimum of the maximum field ooourn at ● fac!e aMg10
of about 3°0

. . .
I

1 ●#a : I
I

.

Flgwo 1. lAboll@# Of 91JPERiYSHparawtera.
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Fig. 2. Mixima of ZT2 ae .funotiona of D. The
approximate position of Kllpatrlok’a lialt fa
aho~n. To the right of t!m line indicated, the
maximum aurfaoe eleotrio flOld la leaa tham
10.5 14vfm.

After Oompletlng the parameter study ●t
20 MeV, less elaborate atudiea were made ●t 2 Hav,
5 MeV, 11 WV, 27.5 Mnv and 35 MeV. ~ene atudiea
ahowe$ thatthe tankdiamet.er atwhiohthemaximwa
of Z? ooourred varied with Wergy. At the 2.HoV
end o? the m-.hine, the maximum 2?2 ooourred ●t 6
tank diam@t*r of about 248 om. At 11 MaV, the
phyaionl oenter of the first tank, the maximum wee
at about 243 OM while at 20 M*V a dtametgr of 241
om wan best. At 35 MW, the optimum diameter had
d~opped to ●bout 237 om.

These surveys al o showed that It la nOt
?poaaible to keep Z? above 31.4Mfl/m in ●ll the

oells at thv low nnergy end o? the maohine while ●t
the same tire. keeping below Kilpatrlok”a lleit

#Howev@r, beoause the o*lla past 5 MeVall have Z
valu*a abo @ 31.4 H,!llm, a aatiafaotory ●verage

zValue Of ZT Oan be reaohed. The present deeigu
should have ●n averag- ZT2 for the first tank o?
more than 37 Mil/m ●nd the aeoond tmnk should
average ●bout 38 Mfl/m.

A oompromi%e 240 om tank diameter ●ppeara tho
beat oholo- fm the 20- to j5- MPVtank. With thi#
value, the Z?2 produot haa a maxim~ near 22 MOV
●nd falls of? by lean than b% at the high energy
md of th* tank. This choioe ooupled with a bOW
radiua of 4 om and ● dri?t.tub~ diam~ter of 38 oar
dlowa thw uae of’ 15° faoe ●nglea throughout the
tank without axon-ding UilpatPIOk*D limit. It 18
poaaibb that allght!y amallw drl?t-tub~a oould b.
uati but the 38 om ohoioe ●llowa &reater freedom Im
the design of thm quadrupol@ mam~ta,

In the 2- tO 20. ~~ tank the ohoiog of ●

ain81e Tao* ●n81* for thm driTt-tub@a la ruled out
b@OaUa* the power Ooata ●m too high. The front
●nd drift-tub~a ●re f’oroed to have small faoo
•n~lm tmoauw of apaoa limitation. The wry 10

J(~ ) W’@a ●t th~ ~ront end. result in o?ll z
produotn of ●bout 24 Mfl/m. If the low mglea war.
ua*d throughout th. tank, a severe powr penalty
would reauXt ●nd ●nothw r? ●mplifier would have to
b. ●ddwl. ~+ preamt dea~ ua.s aetm of

. . . .. . . ... ___ . . . . .. . -,. . .._,
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I’,l:u



,1
Inoreaaiog Twe angles rudl~ 15° ●t about”
13 ltd. At thlapointtheoellZT produot equala
42.75 Hflln.

The drift-tube diameters will be au mall M :
oan ●eoommodatb the quadrupolea. At this time, lt ~
●ppeara that the front end tubes will be 42 oa in I
diameter wtth a bore radius of 2.5 om. At about 5
14aVt the outer diameter will deorease to 38 am,
provided a quadruple with the neoeasary strength
om be fitted into this diameter. At the S-

poaithn, tlie bcre radiua Inoreasea to 2 om.

lie are now 8tudying the beam dynamloa of the
FMIT linao. W are examining the influenoe o?
spaoe oharge on the beam vith PARMILA’runs USIJI
SUPERFISH generated input data. The beat foauaing
f’or minimum beam spill may require stronger
quadruples than those oonaidered up to this point.
This oould ohange the present design by requiring ~
larger diameter drift tubes. The feasibility of
fixed length, fixed strength quads in several ,
gro’-w is being investigated beoauae a simpler
ovl~rall system would result. Tho dynamioa uork
a3so shows that a -40° synohronoua phasn angle at 2
M5V, tapering to -30° at about 8 MeV, may be ~
advantageous in natohing to the input from the rf
quadru ;le

JSPI1l. If
would be an
and in the
maohine.

struoture and for oonirolling beam
the stable phaae is Inoreaamd, there

inoreaae in the number of drift tubaa
length of the drift-tube aeotion o? the :

. . . . .. .

. - —----- . .-

In any event, the Investigation of the
geometry using SUPERFISH will enable the resulting
design to be as energy ef?lolent ag Poaaibla ~ep
the oonstrainta.

Wl!WY

The r? oavity oode SUPgRFISH hae been used to
inveatigata the relation between the geometry aod
the produot ZT2 for the FMIT linao. The
information ao obtained will allow the design of ●

. maohine that att ina very nearly the maxima
9average value of ZT consistent with holding the

maximum OleOtriO Surfaoe field below 10s5 14V/mO
The final ohoioe o? the design paraaWera wfil
depend on beam dynamioa oaloulation~ ~d 00 th@
design of the quadruple magneta. A final
iteration ualng SUPERFISHwill produoe a maohine of
minimal power oonaumption.
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